The swine flu, H1N1 virus was outbroken in Mexico and the United States in April 2009 and then rapidly spread worldwide. The World Health Organization declared that the outbreak of influenza is caused by a new subtype of influenza H1N1 influenza virus. And researchers have isolated some oseltamivir resistance strains in 2009 swine flu which makes the imminency of research and development of new anti influenza drug. The CPSF30 binding pocket of effector domain in NS1 protein is very important in the replication of influanza A virus and is a new attractive anti flu drug target. But up to now there is no antiviral drug target this pocket. Here we employ molecular docking to screening of about 200,000 compounds. We find four novel compounds with high binding energy. Binding comformation analysis revealed that these small molecules can interact with the binding pocket by some strong hydrophobic interaction. This study find some novel small molecules can be used as lead compounds in the development of new antiinfluenza drug based on CPSF30 pocket.
Introduction
Influenza A virus can cause higher mortality than seasonal flu, is a very serious epidemic respiratory infections disease. And this virus have caused many serious influenza pandemics in history, such as the 1918 Spanish flu and 1957 Asian flu, resulting in several million deaths [1, 2] . Recently, a new strain of influenza A virus was identified and commonly referred as "swine flu" in the outbreak of H1N1 influenza A virus in Mexico and the United states in April 2009. And then the WHO (World Health Organization) enhanced the Ifluenza A virus warning to phase 6, meaning that the 2009 H1N1 flu become a serious global pandemic. More unfortunately, several Oseltamivir (Tamiflu) resistance strain have been isolated from them [3] . Therefore, there is an urgent need to find new anti-viral compounds.
Nonstructural 1 (NS1) protein of influenza A virus (NS1A) is a nonstructural protein encoded by segment 8 of influenza virus A [4] . The protein is a 230 -237 amino acid residue small multifunctional protein comprising two domains [5] : The N-terminal (1 -70) RNA-Binding Domain (RBD) which binds double-stranded RNA (dsRNA) in a non-sequence specific manner [4, [6] [7] [8] and inhibit the interferon (IFN)-α/β-induced 2'-5'-oligo A synthetase/RNase L pathway [6] and C-terminal (86 -230/237) Effector Domain (ED) which can binds several host cellular proteins and is the 30-kDa subunit of Cleavage and Polyadenylation Specificity Factor (CPSF30), thereby inhibit 3'-end processing of cellular pre-mRNAs, including IFN-β pre-mRNA [9, 10] .
The CPSF30 binding pocket in the ED of NS1A is an attractive target for antiviral drug development as it is very important for virus replication. Several experiments have proved that the second and the third zinc finger (F2F3) of CPSF30 can bind efficiently to the NS1A ED and inhibit the activity of CPSF30 [11] . The NS1-CPSF30 complex is essential for suppression of the key anti-viral response of host and the efficient replication of virus. The X-ray crystal structure of NS1A ED in complex with the F2F3 fragment revealed the detail of the CPSF30 binding pocket and the interaction between NS1 ED and CPSF30. The CPSF30 binding pocket is a largely hydrophobic pocket and contains several highly conserved residues and these conserved residues can interect with the aromatic residues of F3 zinc finger (Tyr97, Phe98 and Phe102) [12] . Based on the fact of the importence of CPSF30 binding pocket and the structural of the NS1A-CPSF30, small molecules mimicking the three aromatic residues of F3 are predicted to inhibit viral replication by inhibiting CPSF30 binding to NS1A.
A recent study showed that several chemicals ( Figure  1 ) that can bind to NS1A and inhibit the virus replication, but the binding region of these chemicals were not determined [13] . In 2011, they found a new inhibitor JJ3297 which has a similar structural scaffold with NSC125044 can block multi-cycle replication in an RnaseL-dependent manner and also can not determine the bind region [14] . So it is urgent to find new chemicals which can bind to CPSF30 binding pocket and inhibit the virus replication.
The main focus in this research is to discover potential compounds that can directly bind to the NS1 CPSF30 binding pocket. We docked about 200,000 compounds to CPSF30 binding pocket by the molecular docking technique, and find some potential inhibitors which have high binding affinity. In this study we obtained 4 best-binding compounds which provide an important reference for discovering new influenza virus drugs.
Materials and Methods

3-Dimensional Structure of NS1A-ED
We can find a lot of structure of NS1 effector domain in PDB (Protein Data Bank), but there is only one structure complexed with F2F3 and only one structure come from 2009 A(H1N1), they are 2RHK and 3M5R respectively. The RMS of the tow structure is 0.4 Å, thus we can say they are approximately the same. So we selected 2RHK to study the interaction mechanism between NS1 and F2F3, selected 3M5R as the structure used in molecular docking.
Preprocessing the Small Molecules
The original virtual screening library comprises about 200,000 compounds, including the Maybridge Screening and NCI Plated Compounds (approximately 140,000 compounds). We used OpenBabel [15] to generate the threedimensional atomic coordinates of Maybridge Screening collection, and use XlogP3 [16] to screen drug-like compounds based on Lipinski's Rule of five [17] . And the final compounds library comprises remain 164,745 compounds and has been add Gasteiger atomic charges, merged non-polar hydrogen. The detailed procedure of preprocessing these small molecules has been described in our previous paper [18] .
Molecular Docking
AutoDock [19, 20] docking with a grid-point method which must calculate the interaction energy between the probe atoms and receptor-binding sites before docking. The docking region and the center of docking region was setted based on the key residues of CPSF30 binding pocket. Then the AutoGrid program calculated the gridpoint energy of every atom type in the compounds library. Then each compound was docked into the CPSF30 binding pocket of NS1 one by one using unix shell script. During the docking procedure, ligands were flexible and the receptor was fixed. Lamarckian genetic algorithm was used to optimise, for each compounds in the library, 10 docking runs were performed with the initial population of 150 individuals. Maximum number of generations and energy evaluation were set to 27,000 and 250,000 respectively. Evaluation function is semi-empirical free energy evaluation function.
To get a more accurate screening results, we chose 4000 compounds in a high binding energy in the first docking to make a secondary docking, the parameters are the same as the first run except the value of maximum number of evaluation was set to 2,500,000 and the docking runs was set to 30 for more accurate dock.
After all the docking were finished we selected the molecules promising candidates according to the following criteria: 1) cluster conformation analysis of the molecules, select the high degree concentration molecules; 2) select the molecules which have a ensemble binding mode similar to F3 fragment; 3) observe the hydrogen bonds between compound and protein, and select the molecules whose hydrogen bond formation with key residues of CPSF30 binding pocket.
Results and Discussion
Conserved Residues of CPSF30 Binding Pocket
It is important to define receptor-docking area accurately in computer-aided drug designing to screen out activated compounds and the binding site shoud better be conserved. Therefore, we collected all 125 reviewed NS1 protein sequences of influenza A virus in UniProtKB. Then all the sequences were aligned by ClustalW2.0 [21] . The overview of the multiple sequence alignment shown in Figure 2 , reveals that the sequence conservation of residues around 100 and 186 is higher than others and there was a low conservation in C-terminal. Combined with detail sequence alignment data and the residue distribution of F2F3 in NS1A CPSF30 binding pocket (Figure 3) we found the residues Q121, G183, G184, W187 located in the CPSF30 binding site are the same in all 125 strains, some residues like N188, K110, I117, I119, V180 are highly conserved and usually replaced by their analogical amino acid. In the view of above, the five highly conserved residues Q121, G183, G184, W187, K110, and N118 are chosen as the active site of the docking region.
The Interaction Model between F2F3 Fragment and NS1 ED
NS1A effect domain CPSF30 binding pocket is a very attractive antiinfluenza drug targets. Small molecules mimicking the three aromatic residues (Tyr97, Phe98 and Phe102) of F3 are predicted to inhibit viral replication by inhibiting CPSF30 binding to NS1A. Therefore, the small molecules we screen out should be more similar to the three aromatic residues in structure or the interaction between NS1. So, we need to figure out the interaction model between Tyr97, Phe98, Phe102 and NS1 ED. We analysis the interaction between Tyr97, Phe98, Phe102 and NS1 in NS1A-F2F3 complex (2RHK) by LigPlot [22] software. The result shown in Figure 4 .
The main interaction between NS1 and the three residues is Hydrophobic contact as we can see in Figure 4 , This is identical with the largely hydrophobic feature of NS1. Only one hydrogen bond was found between phenolichydroxyl of Tyr97 and hydroxy of Val180 which is located in the edge of the pocket. Therefore, we can predict that the small molecule inhibitor should contain a large hydrophobic group which can plug in the inside of hydrophobic binding pocket and also should have hydrophilic groups to form hydrogen bonds with conserved hydrophilic residues in the edge of the pocket.
Molecular Docking
After determined the conserved residues of CPSF30 binding pocket, we docked all the compounds in our com-pounds library and five potential inhibitors into this binding pocket and calculated the binding energy. All the molecules are sorted by binding energy. Then 51 molecules were identified as they have higher binding affinity than others in the two docking runs. And then we surveyed these 51 molecules by three criteria described in materials and methods, 6 molecules were finally identified as candidate inhibitors. The binding energy of the 6 molecules was ranged from -9.2 kcal/mol to -10.0 kcal/ mol, which is better than the binding energy of 5 potential inhibitors (ranged from -4.9 kcal/mol to -6.4 kcal/ mol). The chemical structures of these 6 molecules are presented along with their names and binding energy in Figure 5 . These 6 molecules have the same feature that they all contain at least one hydrophobic group and also contain some nitrogen or oxygen; such molecules can not only bind to the hydrophobic binding pocket of NS1 closely but also form hydrogen bonds with the hydrophilic residues in the edge of the pocket. Also we can find a common feature that the molecules were comprised of tree hexatomic ring and some atoms joint the rings and also some modifiers in the rings. Thus, they have similar structures.
Binding Conformation of the Candidate Inhibitors
Furthermore, we analysed the interaction model of these 6 molecules. As shown in Figure 6 . The hydrophobic groups of the 6 molecules are bind to the deepest pocket and form a strong hydrophobic interaction with NS1, which is similar to the three aromatic residues (Tyr97, Phe98 and Phe102) of F3. The difference is that some of the nitrogen and oxygen of these 6 molecules are formed more than one hydrogen bonds with Q121, R108 or K110, but there is only one hydrogen bond between F3 and NS1 ED, and this could strengthen the binding affinity by hydrogen bond network. These facts shown that the 6 candidate inhibitors are similar to the three aromatic residues of F3 and may have the ability to bind to CPSF30 pocket and form hydrogen bond with the residues in the edge of the pocket. Thereby, they have the ability to inhibit NS1 bind to host cell CPSF30, the free CPSF30 can increase the production of IFN-β mRNA and then IFN-β inhibit the replication of influenza A virus.
Conclusion
In this study, we screened more than 200,000 small molecules by structure-based molecular docking and identified six molecules which have abilities to bind to CPSF30 binding pocket strongly and analyzed their chemical structures and binding mode. The six small molecules screened in this study can be used as the lead compound that in NS1 CPSF30 binding pocket about drug designing in the future studies, and provide an important reference on the new influenza virus drug discovery.
